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(57) Abstract: A crude oil feedstock or crude oil V 
fractions containing pitch feedstock is pyrolyzed 
in a pyrolysis furnace by feeding the crude oil or 
crude oil fractions containing pitch feedstock to 
a first stage prchcatcr within the convection zone 
of the pyrolysis furnace, wherein the crude oil or 
crude oil fraction containing the pitch feedstock 
is heated within the first stage preheater to an 
exit temperature of at least 375 °C to produce 
a heated gas-liquid mixture, withdrawing from 
first stage preheater the gas-liquid mixture to a 
vapour-liquid separator, separating and removing 
the gas from the liquid in the vapour-liquid 
separator, and feeding the removed gas to a 
second preheater provided in the convection 
zone, further heating the temperature of the 
gas to a temperature above the temperature 
of the gas exiting the vapour-liquid separator, 
introducing the preheated gas into a radiant zone 
within the pyrolysis furnace, and pyrolyzing the 
gas to olefms, such as ethylene, and associated 
by-products. 
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PYROLYZING CRUDE OIL AND 
CRUDE OIL FRACTIONS CONTAINING PITCH 

The invention pertains to a process for pyrolyzing a 
feedstock of crude oil and crude oil fractions containing 
pitch in an olefins pyrolysis furnace. 

The production of olefins, in particular ethylene, is 
5 achieved conventionally by the thermal cracking of 

petroleum hydrocarbon feedstocks using natural gas 
liquids, (NGL's) such as ethane or by using the naphtha 
or gas oil fractions produced from a crude distillation 
column operating above atmospheric pressure. More 

10 recently, the trend in some regions is toward designing 

crackers to accommodate the use of heavier feedstocks, 
such as vacuum gas oils. These heavier feedstocks, 
however, foul tubes in convection section preheaters and 
downstream equipment by coke deposition. Typical process 

15 temperatures at the exit of the convection section first 

stage preheaters range from about 200-400. **C, thereby 
completely vapourizing the feedstock within the 
convection section, or in heavy feed cases such as gas 
oil and vacuum gas oil, finally and completely 

20 vapourizing the feedstock externally as it proceeds 

toward the second stage preheaters through a mix nozzle 
with superheated steam as described in U . S . -A-4, 498, 629 . 

U.S,-A-5,580,443 discloses a process for cracking low 
quality feedstock such as a heavy natural gas-liquid, 

25 which is an associated oil occurring in small quantities 

with the production of gas from gas fields. The process 
is described as processing the feedstock through a first 
stage preheater within the convection zone to a vapour- 
liquid separator external to the convection zone after 

30 being mixed with superheated steam, a second stage 
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Preheater within a convection .on., and finally to ths 
radiant zone. The feedstock i. crac.ed by .epa.atina h 
^e.ovi„, in . .apo„.-li,nid sepa.ato. a pLt oT 
^«ct.on. fro. the fi„t .ta,e preheater section, and 

ub.e,uently ieturnin, the vapouti.ed portion of t e 
feedatoc. to the second sta.e preheater before su ctin, 

IhrthTrr™^- — —andpL 
Within the first stage preheatar tubes are .aintained 
"ithrn a range such that those fractions of the feed 
^hich would otherwise cause coUng problems in the tubes 

cause : ™"^-V - 

cause cokrng problems are fully evaporated. Typical exit 

" c 350 c in order to avoid vapourizing the coke 
generating fractions within the tubes 

.ectiirirr"""" ^"'""^ '"'""^ ^^^-ter 
section rs described in U.S.-A-5,5eO,443 as within a 

ratro of eoMO to .8/.. This ratio can be adjus d bv 

the addition of superheated dilution stea^n at a HT 

:::7:::r' ^ — ^-^o and 

prior to entry rn a vapour-liquid separator. Once in the 
V r-i,,„,, ^^^^^ unevaporated li^id 

"h-la the gaseous fraction is passed through a gas 

delivery Irne. .ixed with superheated dilution stea. 

aga.n and then passed to the second preheater. in the 
sec d ^^^^^^ ^ n th 

crlLd " "^^^^ — ' > - - 

It would be desirable to process feeds other than 
H.avy natural gas-liguids through a pyrolysis fur for 
the manufacture of ethylene. Desirable feeds include 
crude on or the long residue fro. the bottoms of a crude 
Oil atmospheric column, crude oil feed is derived frT 



2 



10 



wo 01/66672 PCT/EPO 1/02628 

oil fields wherein 60% or more of the production extract 
in liquid form is a crude oil, A heavy natural gas- 
liquid stream is in a gaseous or supercritical state in 
the ground, which condenses into a liquid as it reaches 
surface temperatures and pressures. Processing a crude 
oil feedstock or the long residue of a crude oil 
atmospheric column through a pyrolysis furnace under the 
temperature conditions described in U.S.-A-5,580, 443, and 
in particular at a temperature ranging from 150 **C-350 °C 
in a first preheating stage, or at any temperature at 
which those fractions likely to cause coking problems 
remain in liquid state and those fractions unlikely to 
coke the tubes are fully evaporated, would be 
disadvantageous because at the lower temperatures at 
15 which heavy natural gas-liquids are processed, 

150 °C-350 ^^C, insufficient fractions of vapourized crude 
oil or long residues are recovered, resulting in reduced 
yields of desirable olefin production from these 
feedstocks • 

The heavy ends of crude oil and long residue cannot 
be vapourized under typical olefins pyrolysis furnace 
convection section conditions. The heavy ends of crude 
oil and long residue are normally removed by 
distillation, and the lighter vapourizable fractions from 
a distillation, most commonly the naphtha or gas oil 
fractions, are used as the feed for olefins pyrolysis 
plants. This distillation preparation step for crude 
oils and long residue requires additional capital and 
adds additional operating cost to the process. 

There is now provided a process for pyrolyzing a 
crude oil and/or crude oil fractions containing pitch 
feedstock in an olefins pyrolysis furnace comprising 
feeding the crude oil and/or crude oil fractions 
containing pitch feedstock to a first stage preheater 
35 provided in a convection zone of the furnace, heating the 
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feedstock within the first , ^ 

« xirst stage preheater to an exit 
temperature of at least ^7"^ 

ll«n-iH • . ^° produce a heated gas- 

r:rr ::r:::r:;r ^-^^^ 

v«pour-..,„ia .ep„.tor, and feedin, the «lved to a 

ZZ "'"'"^^ ^" convection : 

further heating the temperature o, the gaa to a 
temperature above the tejiperature of th. 
" vapour-U..d separator, Ltrodoo.: Z IZl^ZT 

-to a radiant .one of the pyrolysi. furnace, and 

The above proceas can be used to process a lona 
residue and any crude oil fr-«^n» 
15 Th» „ fractions containing pitch. 

The process of the invention allows one to feed a 
crude Oil or crude oil fractions containing pitch 

ttd—t:::: t™-^ 

an. sooner than the radiant tube:\:Vfr:r ^ 

::::::: frcVt?::::: :teTt": - - 

„r ^ feedstock (a feed of crude oil 

or crude orl fraction containing pitch, at a higher 
temperature ,e.g. ,80 -c, that is not generally 

aXio„ing one to recover a big.er fraction" th 'or le" ' 
o i or crude oil fractions containing pitch as vapour 
useful for cracking in the radiant heat transfer Le in 
pyro ysis furnace than that recovered through 
■^0 atmospheric or vacuum distill^*- 

of ■ aistillation columns. The process 

::u:~:::d:^:iV:: t ~- - — « 

fractions containing. pitch feed 
without having to first subject the crude oil or crl 

3S t re:t::^ ^"^^ - -actionation 

tnereby allowing one to process p 

u process a cheaper source of 
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feedstock in a pyrolysis furnace. Finally, the large 
quantity of higher boiling fractions in crude oil or 
crude oil fractions containing pitch, unlike heavy 
natural gas liquids, wet the inner surfaces of the tubes 
5 in the convection zone at suitable linear velocities 

under the operating temperatures described herein, 
thereby making crude oil or crude oil fractions 
containing pitch a suitable feed and itiinimizing the 
formation of coke within the convection zone tubes. 

10 Preferably, the feedstock for use in the present 

invention is a feedstock wherein 85 wt.% or less of the 
feedstock will vapourize at 350 °C, and 90 wt.% or less 
of the crude oil feedstock will vapourize at 400 each 
as measured according to ASTM D-2887. 

15 Preferred crude oil feedstocks used in the invention 

have the following characteristics. Each 
characterization of the crude oil feedstock is measured 
according to ASTM D-2887: 

85 wt.% or less of the crude oil feedstock will 

20 vapourize at 350 °C, and 

90 wt.% or less of the crude oil feedstock will 
vapourize at 400 ^'C. 

Feedstocks within the above range of characteristics 
minimize coking within the tubes of the convection 

25 section of a pyrolysis furnace under the operating 

conditions described herein. The weight percentage of 
lighter feedstocks, such as most heavy natural gas 
liquids, vapourized at 300 **C, 350 ""C, or 400 **C is so 
high that the vapourization of the coking fraction would 

30 quickly coke the tubes within the first stage preheater 

at the temperatures used in this invention. 

In a preferred embodiment, the crude, oil specified 
for the feedstock has the following characteristics: 
65 wt.% or less vapourizing at 300 °C, and 
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80 wt.% or less of the crude oil feedstock 
vapourizing at 350 "c, and 

In a more preferred embodiment, 

60 wt.% or less or the crude oil and long residue 
vapourizes at 300 "c, and residue 

70 wt.% or less of the crude oil fp^Hc^ u 
at 350 °c, and feedstock vapourizes 

80 wt.% or less of the crude oil feedstock will 
vapourize at 400 "C. 

t.Jl P'^-f^rad e.a,odi„.„t, th. crude oil 

feed= oc. „ixi ha.e the f„Uo„.„, cha„cte.utic= = 
00 wt.% or less or thp nmH^ ^-t 
15 vapourizes at 

65 wt.% or less of the crnHo «^ i * 
at 350 °c, and feedstock vapourizes 

75 wt.% or less of the crude oil feedstock will 
vapourize at 400 ^'c. 

2 0 

Typical crude oil feedstocks will have apt 
not higher than 45. ""^^ gravxties 

Long residue feedstocks are the bottoms of an 

atmospheric distillation column used to process and 

fractionate desalted crude oil a] ,n , 
25 atmosDherir. , u commonly known as 

aumospneric tower bottoms Thi o =*. 

lighter component. H'^Z IZZ' T 

the above specification 7 ^ ^"^^^i' 

peoitication for suitable feeds used in th. 

.nvention, and „iii also satisfy the foaiowi:; 

specification: 

35- wt.% or less, more preferably 15 „t % or 1.. 
even 10 wt.% or less v.r, • • wt.„ or less, and 

less, vapourizing at 350 »c, and 
wt.% or less, more preferably 40 „t » 
30 wt % ot- i^c wc.o, and even 

-5U wt.* or less, vapourizing at 400 "c. 
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The pressure and temperature at which the crude oil 
and/or long residue feedstock is fed to the inlet of the 
first stage preheater in the convection zone is not 
critical so long as the feedstock is flowable. The 
5 pressure generally ranges from between 8-28 bar, more 

preferably from 11 to 18 bar, and the temperature of the 
crude oil is generally set from ambient to below the flue 
gas temperature in the convection zone where it will 
first be heated, typically from 140 ^'C-SOO °C. Feed 
10 rates are not critical, although it would be desirable to 

conduct a process at a feed rate ranging from 
22,000-50,000 kg of crude oil and/or long residue feed 
per hour. 

Figure 1 is a schematic process flow diagram of a 
15 pyrolysis furnace. 

Figure 2 is an elevation view of a vapour-liquid 
separator. 

• Figure 3 is a plan view of Fig. 2. 

Figure 4 is a perspective drawing of the vane 
20 assembly of the vapour-liquid separator of Fig. 2. 

Figure 5 is a schematic process flow diagram of a 
pyrolysis furnace . 

Figure 6 is a schematic process flow diagram of a 
pyrolysis furnace. 
25 The invention is described below while referring to 

Figure 1 as an illustration of the invention. It is to 
be understood that the scope of the invention may include 
any number and types of process steps between each 
described process step or between a described source and 
30 destination within a process step. For example, any 

number of additional equipment or process steps may lie 
between the vapour-liquid separator and the second stage 
preheater, and any number of additional equipment or 
process steps may lie between feeding the removed gas 
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(fro„ the vapour-Uquld separator as the source) to . 
-cond stage preheater ,the destination, 

The olefins pyrolysis furnace 10 is fed with 
oil or crude oil fr.^n ' """"^ 

lon„ ^"«"ns containing pitch feed or a 

long residue feed 11 entering into the first staoe 
pre eater 1, of a connection .one Crud o ' 

feedstocks are referred h« i-k 

ieierred to throughout the soer-i f i ^=4- • 

« a feedstock of the invention, hut it is f " 
understood that long residue feedstocks ar, 
feedstocks which he used in l ! , ^^. l^T'''' 
With crude oil f^^H^^ u . combination 

«e teferrel to 1 ht " oTI" 

understood that ever, lu n o —u't:' " 
specification includes crude oil Th 

^ ^ . . cruae oil and crude oil frart-H^no 

conta.n.ng pitch. Accordingly, the scope of the 
invention includes long residue and crude oil fractic 

f:::::::: — - - .entioneT::r 

The first stage preheater 12 in the convection 
3ec ion is typically a hank of tuhes, wherein tL 
contents in the tubes are heated primarily bv 
H.at t e^ fro. the co^ustionV: e^ ZTT 

radrant section of the pyrolysis furnace. pLerll! 
the feedstock is fed to 85 „t.% or less of 
"Ul vapouri. at 3S0 ^c, and ,0 wt r lesTof tf 

ItreTan""" " ^<"> 

measured according to ASTM D-7flfi7 t 

the crude oil ,„rt/ , " enO^odiment, as 

throuoh tV . feedstock travels 

through the first stage preheater 12 it 1, h » . 

temperature „hich promotes evapora il 1 " 
fractions into a vapour state Lh ^ng 
„ ^^^^^ evaporation of a 

portion of coking fractions ini-o 

vj j-j-ai-Lions into a vapour .u--, 

CiTst: - frat ir: 
irr-feei:::: rr T"''- - --^^ °" 

^eascock. It IS desirable to fully 
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evaporate the crude oil and/or long residue fractions 
which do not promote coking in the first stage 
preheaters, and in addition, maintain a temperature 
sufficiently elevated to further evaporate a portion of 
the crude oil and/or long residue feedstock comprised of 
fractions which promote coking of the tubes in the first 
stage preheater and/or the second stage preheater. The 
coking phenomenon in the first stage preheater tubes is 
substantially diminished by maintaining a wet surface on 
the walls of the heating tubes. So long as the heating 
surfaces are wetted at a sufficient liquid linear 
velocity, the coking of those surfaces is inhibited. 

The optimal temperature at which the crude oil and/or 
long residue feedstock is heated in the first stage 
15 preheater of the convection zone will depend upon the 

particular crude oil and/or long residue feedstock 
composition, the pressure of the feedstock in the first 
stage preheater, and the performance and operation of the 
vapour-liquid separator. In one embodiment of the 
invention, the crude oil and/or long residue feedstock is 
heated in the first stage preheater to an exit 
temperature of at least 375 °C, and more preferably to an 
exit temperature of at least 400 **C. In one embodiment, 
the exit temperature of the feedstock from the first 
stage preheater is at least 415 **C. 

The upper range on the temperature of the crude oil 
and/or long residue feedstock in the first stage 
preheater tubes 12 is limited to the point at which the 
stability of the crude oil and/or long residue feedstock 
30 is impaired. At a certain temperature, the coking 

propensity of the feedstock increases because the 
asphaltenes in the pitch begin to drop out of solution or 
phase separate from the solubilizing resins in the 
feedstock. This temperature limit would apply to both 
the first stage preheater tubes and all tubes connecting 
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up to and including the vapour-ii,uid separator. 
Preferably, the e.it te„pe„tu.e of the crude oil and/or 
ion, .e=.d.e feedstock within the .ir3t 3ta,e p.eh.ater 

iriTV -^"^"-^^ — 

Each of the temperatures Identified above in the 

first .tage preheater are measured as the temperature the 

ga3-l.,„.d mixture attains at any point within the LZ 

stage preheater, including the exit port of the fi.st 

stage preheater. Recognizing that the temperature of the 
crude , ^^^^^^^ ^^^^^^^^^ ^^^^^^ t e 

Of the fxrst stage preheater changes over a continuum 

-.ta the frrst stage preheater, it is desirable to 
n-easure the temperature at the exit port of the first 
stage preheater from the convection .one. « these exit 
t mpera ures, both a co.e promoting fraction and a non- 
coking f tion Of the crude oil and/or long residue 
feedstock „iU be evaporated into a gas phase, while 

alVheat " '° ^'^^"'^^^ "'^ -^^s of 

an heating surfaces. The gas-liguid ratio preferably 

ranges from 60/.0-,8/2 by weight, more preferably SO 10- 

wett d t " = sufficiently 

wetted tube wall, mini.,,. .<,,,„^, ^J^^^^ 

The temperature conditions within the first stage 
preheater are suitably adapted to the use of a crud! oil 
nd/or ,ong residue feedstock, and are not reco^ended 

natural ' '^^^^^ ^ "-'y 

rst ta T the 
first stage preheater at the process conditions of the 

invention could evaporate the feedstock to its dry point 
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tubing in the convection section to the point where a 
shutdown is required. 

The pressure within the first stage preheater 12 is 
not particularly limited. The pressure within the first 
stage preheater is generally within a range of 4^21 bar, 
more preferably from 5-13 bar. 

In an optional but preferred embodiment of the 
invention, a feed of dilution fluid, preferably dilution 
gas 13 may be added to the crude oil and/or long residue 
feedstock in the first stage preheater at any point prior 
to the exit of the gas-liquid mixture from the first 
stage preheater. In a more preferred embodiment, 
dilution gas 13 is added to the crude oil and/or long 
residue feedstock of the first stage preheater at a point 
external to pyrolysis furnace for ease of maintaining and 
replacing equipment. 

The feed of dilution gas is a stream which is a 
vapour at the injection point into the first stage 
preheater. Any gas can be used which promotes the 
evaporation of non-coking fractions and a portion of 
coking fractions in the crude oil and/or long residue 
feedstock- The dilution gas feed also assists in 
maintaining the flow regime of the feedstock through the 
tubes whereby the tubes remain wetted and avoid a 
stratified flow. Examples of dilution gases are steam, 
preferably dilution steam (saturated steam at its 
dewpoint) , methane, ethane, nitrogen, hydrogen, natural 
gas, dry gas, refinery off gases, and a vapourized 
naphtha. Preferably, the dilution gas is dilution steam, 
a refinery off gas, vapourized naphtha, or mixtures 
thereof. 

The temperature of the dilution gas is at a minimiim 
sufficient to maintain the stream in a gaseous state. 
With respect to dilution steam, it is preferably added at 
a temperature below the temperature of the crude oil 
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feedstock measured at the injection point to ensure that 
the d.lutxon gas does not condense, .ore preferably 25 
below the crude oil feedstock temperature at the 
xnjection point. Typical dilution stea. temperatures at 
the dxlutxon gas/feedstock junction range fro. 140 »C to 
^60 c, more preferably from 150 °c to 200 "c 

The pressure of dilution gas is not particularly 
Umxted, but is preferably sufficient to allow injection 
Typxcal dilution gas pressures added to the crude oil is' 
generally within the range of 6-15 bar. 

It is desirable to add dilution gas into the first 
stage preheater in an amount up to 0.5:1 kg of gas per ka 

of crude oil, preferably up to 0 3-1 kn 

i-o u.j.i jcg of gas per kg of 
crude oxl and/or long residua feedstock. 

Alternatively, a feed of dilution fluid 13 ,the fluid 
be.ng .n a liquid or ,„ixed liquid/gas pha=e, r^y be added 
to the crude oil feedstock in the first stage preheater 

J on, the frrst stage preheater. Examples of dilution 

flurds are liquids that are easily vapourized along with 

crude such a liguid water, or naphtha in combination with 
o h r „^ ^^^^^^^^ ^ ^ 

fluxd rs preferred when the injection point is at a 
location where crude is still in the liguid phase, and 
drlutron gases are preferred when the injection point is 

a location where crude is either partially or wholly 
vapourrzed. Preferably, the process, wherein the amount 
Of water added to the feedstock is 1 .ole% or less, based 
on the moles of the feedstock. 

in a further alternative embodiment, superheated 
steam can be added to the first stage preheater in 
1-e 13 to promote further evaporation of the crude oil 
feedstock Within the first stage preheater tubes 

Once the crude oil feedstock has been heated to 
produce a gas-liguid mixture, it is withdrawn from the 
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first stage preheater through line 14, directly or 
indirectly to a vapour--liquid separator as a heated gas- 
liquid mixture. The vapour-liquid separator removes the 



residue feed, which is withdrawn and separated from the 
fully vapourized gases of the crude oil and/or long 
residue feed. The vapour-liquid separator can be any 
separator, including a cyclone separator, a centrifuge, 
or a fractionation device commonly used in heavy oil 
processing. The vapour-liquid separator can be configured 
to accept side entry feed wherein the vapour exits the 
top of the separator and the liquids exit the bottom of 
the separator, or a top entry feed wherein the product 
gases exit the side of the separator. 

The vapour-liquid separator operating temperature is 
sufficient to maintain the temperature of the gas-liquid 
mixture within the range of 375 °C to 520 °C, preferably 
within the range of 400 **C to 500 °C. The vapour-liquid 
temperature can be adjusted by an means, including 
increasing a flow of superheated dilution steam to the 
gas-liquid mixture destined for the vapour-liquid 
separator as described in further detail below with 
respect to Figure 5, and/or by increasing the temperature 
of the feedstock to the furnace from external heat 
exchangers . 

In a preferred embodiment, the vapour-liquid 
separator is described in copending application TH 1497 
entitled, ^'A Wetted Wall Vapour-liquid Separator." 
Referring now to Figs. 2 and 3, the vapour-liquid 
separator 20 is shown in a vertical, partly sectional 
view in Fig. 2 and in a sectional plan view in Fig. 3. 
The conditions of the gas-liquid mixture in line 14 at 
the entrance of the vapour-liquid separator 20 are 
dependent on the feedstock 11 properties. It is 
preferred to have sufficient non-vapourized liquid 15 



non- vapourized portion of the crude oil and/or long 
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(bet„e.„ 2-40 vol% of the feedstock, preferably 2-5 
Of the feedstoo., to „et the internal .urfacea of the 
vapour-lic,„w separator 20. This wetted wall requirement 
"essential to decrease the rate of, if not prevent 
coke foxi^tion and deposition on the surface of the ' 
separator 20. The degree of vapourisation ,or vol, of 
non-vapourisable liquid 15, can be controlled by 
adjusting the dilution stea»/feedstock ratio and flash 
tenperature of the gas-liquid ndxture 14 . 

The vapour-liquid separator 20 described herein 
permits separation of the liquid 15 and vapour 1. phases 
of the flash .nxxture in such a .nanner that coke solids 
are not allowed to for., and subsequently foul either the 
separator 20 or the downstream equipment ,not shown) . On 
account of its relatively compact construction, the 
wetted-wall vapour-liquid separator 20 design can achieve 

crude column, thus effecting the recovery of a higher 

vapourized fraction 16 of the feed 11 for further 

downstream processing. This increases the fraction of 

feedstock 11 Which can be used for producing higher 

valued products 23, and reduces the fraction of heavy 

hydrocarbon liquid fraction 15 having a lower value 

referring to Fig. 2, the vapour-liquid separator 20 

comprises a vessel having walls 20a, an inlet 14a for 
rec i i ^^^^^^ ^ 

outlet 16a for directing the vapour phase 16 and a liquid 
outle 15. for directing the liquid phase 15. Closely 
spaced from the inlet 14a is a hub 25 having a plurality 
Of vanes 25a spaced around the circumference of the 
hub 25, preferably close to the end nearest the 
xnlet 14a. The vane assemhly is shown more clearly in 

r the h ' - P-lmal end 

Of the hub 25 and, in particular, by the vanes 25a 



14 




wo 01/66672 



PCT/EPO 1/02628 



forcing a portion of the liquid phase 15 of the 
mixture 14 outwardly toward the walls 20a of the vapour- 
liquid separator 20 thereby keeping the walls 20a 
completely wetted with liquid and decreasing the rate of, 
if not preventing, any coking of the interior of the 
walls 20a. Likewise, the outer surface of the hub 25 is 
maintained in a completely wetted condition by a liquid 
layer that flows down the outer surface" of hub 25 due to 
insufficient forces to transport the liquid 15 in contact 
with the surface of hub 25 to the interior of the 
walls 20a, A skirt 25b surrounds the distal end of the 
hub 25 and aids in forcing any liquid transported down 
the outer surface of the hub 25 to the interior of the 
walls 20a by depositing the liquid into the swirling 
vapour. The upper portion of the vapour-liquid 
separator 20 is filled in at 20b between the inlet 14a 
and hub 25 to aid wetting of the interior of walls 20a as 
the gas-liquid mixture 14 enters the vapour-liquid 
separator 20. As the liquid 15 is transported downward, 
it keeps the walls 20a and the hub 25 washed and reduces, 
if not prevents, the formation of coke on their surfaces. 
The liquid 15 continues to fall and exits the vapour- 
liquid separator 20 through the liquid outlet 15a. A pair 
of inlet nozzles 26 is provided below the vapour outlet 
tube 16a to provide quench oil for cooling collected 
liquid 15 and reduce downstream coke formation. The 
vapour phase 16 enters the vapour outlet duct 16a at its 
highest point 16c, exits at outlet 16a and proceeds to a 
vapourizer 17 for further treatment prior to entering the 
radiant section of the pyrolysis furnace as shown in 
Fig. 1. A skirt 16b surrounds the entrance 16c to the 
vapour duct 16 and aids in deflecting any liquid 15 
outwardly toward the separator walls 20a. 

The distance of the hub 25 extension below the 
vanes 25a was picked based on estimation of the liquid 
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drop size that would be captured before the dron h . 
moved more than h = 

more than half way past the hub 25 sinn^^- 
liquid 15 win ho • Significant 

will be streaming down the hub 25 (based on 
observations with th^ ^iy/, ^ leased on 

wxtn cne air/water model) and i-k 

-3.irt^ 25b on the hub 25 will ilt u i" 

an? t ''-^ the al ,5a 

hub 25 due to the continued swirl of th. 

-ves to the outlet tube 16a " 

hub 'ras'tir'" " ^^-^^ the 

- the IT: 5? :: -^^^^-^ 

area for flow ha H ^""'^"^^ ^^ter, about 20% .ore 

tor flow has been provided than is present .t i-K 
vanes 25a. present at the 

The distance between the bottom of the huh . 

highest point Ifin r.f the 
a iJ^ini: ibc of vapour outJf^^ i-hk^ i^ 

..es .p.„. r . i\:r tr " 

consistent with the ai-rA,=.^ ^-ameter. This was 

tfte air/water model. The intenf i <= ^ 

Lue pipe diameter. Th^:* •^r>^-^v.4. • 

^ "^he vapour 16 Ipawi^r, 

outlet tube 16a th^ f ^j- leaving 

uoe 16a. The position and size of the ant^ nr- 
rxng 16b on the vapour outlet tub. 1. ^"ti-creep 
arbitrary Ji- s somewhat 
roicrary. it is positioned close to h,,*- k , 

and is relatively small . , 

iveiy small to allow room for coke to f.i^ 

dictated by concern, outride the bounds of this 
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separator. As long as nothing is done to cause liquid to 
jet above the inlet 16c to the outlet tube 16a, there 



Chief areas of coking concern involve sections with 



liquid- The area 20b inside the top head may be shaped 
or filled with material to approximate the expected 
recirculation zone. The inside of the hub 25 is another 
potential trouble point. If coke were to grow and fall 
over the inlet 16c to vapour outlet tube 16a, a 
significant flow obstruction could occur (such as a 
closed check valve) . For this reason, a cage or screen 
25c of either rods or a pipe cap may be used. This would 
not prevent the coke from growing, but would hold most of 
it in place so that a large chunk is not likely to fall. 
Areas under the vane skirts and the skirts 16b on the 
vapour outlet tube 16a are also ^unwashed' and coke 
growth in these areas is possible. 

The gaseous vapourized portion 16 of the crude oil 
and/or long residue feedstock 11 fed to the vapour-liquid 
separator 20 as a gas-liquid mixture from the first stage 
preheater 12 is subsequently fed through a vapourizer 
mixer 17, in which the vapour mixes with superheated 
steam 18 to heat the vapour to a higher temperature. The 
vapour is desirably mixed with superheated steam in order 
to ensure that the stream remains in a gaseous state by 
lowering the partial pressure of the hydrocarbons in the 
vapour. Since the vapour exiting the vapour-liquid 
separator is saturated, the addition of superheated steam 
will minimize the potential for coking fractions in the 
vapour to condense on inner surfaces of the unheated 
external piping connecting the vapour-liquid separator to 
the second stage preheater. The source of the superheated 
steam is a steam feed 18 into the convection section of 
the pyrolysis furnace between the first and second stage 



should be no impact to separation efficiency. 



5 



vapour recirculation, or metal not well washed with 
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preh.aters. The flue gases fro. the radiant section 
preferably act as the heating source for increasing the 
temperature of the 3tear> to a superheated state 

Suitable superheated steam temperatures are not 
particularly limited at the high end,- and should be 
sufficient to provide a measure of superheating above the 

pent Of the vapour. Generally, the superheated 
steam is introduced to the vapourizer mixer 17 at a 
temperature ranging from about 450 "c to 600 'c 

The vapourizer mixer 17 is preferably located 
external to the pyrolysis furnace, again for ease of 
Maintenance. Any conventional mix nozzle may be used, but 
at rs preferred to use a mix nozzle as described in 
".S.-A-4,498,629, to further minimize the coking 
potential around the inner surfaces of the mix nozzle 
The preferred mix nozzle as described in U.S.-A-4, 4 98 'eas 
comprrses a first tubular element and a second tubula; 
element surrounding the first tubular element to form an 
nnu ar space. The first tubular element and the second 
tubular element have substantially coinciding 
longitudinal axes. Preferably, superheated steam is 
combrned with the removed gas prior to entry into the 

provld?' ^ is 

provided for rntroducing the vapourized crude oil and/or 

ong residue or long residue feedstock into the first 

tubular element and a second inlet means is provided for 

each V H " ""^ ^^--"t 

each provided with an open end for the supply of the 

superheated steam as an annulus around a core of the 

vapour feed, the open ends terminating in openings 

arranged in a plane, substantially perpendicular to the 

longitudinal axes. The apparatus also includes a 

frustoconically shaped element at one end connected to 

the open end of the second tubular element, provided „ith 
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a longitudinal axis substantially coinciding with the 
longitudinal axes of the tubular elements and diverging 
in a direction away from the second tubular element, the 
frustoconically shaped element having an apex angle of at 
most 20 degrees. The arrangement of a slightly diverging 
frustoconically shaped element behind the location where 
the superheated steam meets the feed prevents the contact 
of liquid droplets with the wall of the element thereby 
minimizing the risk of coke formation in the mix nozzle. 

The superheated steam/gas mixture exits the 
vapourizer mixer 17 through line 19, is fed to the second 
stage preheater 21 and is .heated in the second stage 
preheater through tubes heated by the flue gases from the 
radiant section of the furnace. In the second stage 
preheater 21, the mixed superheated steam-gas mixture is 
fully preheated to near or just below a temperature at 
which substantial feedstock cracking and associated coke 
laydown in the preheater would occur. The mix feed 
subsequently flows to the radiant section B through 
line 22 of the olefins pyrolysis furnace where the 
gaseous hydrocarbons are thermally cracked to olefins and 
associated by products exiting the furnace through 
line 23. Typical inlet temperatures to the radiant 
zone B are above 480 ^'C, more preferably at least 510 **C, 
most preferably at least 537 ''C, and at least 732 "^C at 
the exit, more preferably at least 760 **C, and most 
preferably between 760 °C and 815 to promote cracking 

of long and short chain molecules to olefins. Products 
of an olefins pyrolysis furnace include^ but are not 
limited to, ethylene, propylene, butadiene, benzene, 
hydrogen, and methane, and other associated olefinic, 
paraffinic, and aromatic products. Ethylene generally is 
the predominant product, typically ranging from 15 to 
30 wt.%, based on the weight of the vapourized feedstock. 
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.HH «*odl„ent, superheated steam may be 

.dded to the fi„t ,ta,e p.eheatet X. l„ the eonvecLon 
section through Une 13 in Ueu o, dilution stea„ a! 
Shown .„ fig. 1, ^^^^^^^ 

. the first stage preheater anrt n, 
a3 ,h™ • J P^B^^ter and the vapour-liquid separator 
as 3ho» „ rxg. 5, for the purpose of further elevating 
the temperature of the gas-liquid mixture so desired, 
thereby rncreasing the fractions and weight percentage of 

The percentage of vapourized components in a gas- 

by controlling the flash temperature, the quantity of 
optronal dilution steam added, and the quantity and 
temperature of optional superheated steam added to the 
crude oil and/or long residue feedstock in the first 

crude on and/or long residue feedstock should not 
exceed the stated gas-liguid rat(„ . ■ 
than 9fl/7 • . ' ' "° Sr-^sater 

than 98/2, in order to minimize coking. 

The process of the invention can inhibit coke 
formation within the vapour-liquid separator 20, the 
vapourizer mixer 17, and in the second stage preheater 
21 by contrnually wetting the heating surfaces within 
the first stage preheater and the vapour-liquid 
separator. The process of the invention achieves high 
recovery of crude oil and/or long residue fractions not 

Otherwise obtainable at fir-<.i- 

muj.e at tirst stage preheater 

temperatures of 350 °r or- i^ 

. or j:,u c or less, while simultaneously 

inhibiting coke formation. 

oiefi:: T::r " ^^^^ °' 

pyrolysis furnace operated for production of 
lower molecular weight olefins, especially including a 
tubular steam cracking furnace. The tubes within the 
convection zone of the pyrolysis furnace may be arranged 
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as a bank of tubes in parallel, or the tubes may be 
arranged for a single pass of the feedstock through the 
convection zone. At the inlet, the feedstock may be 
split among several single pass tubes, or may be fed to 
one single pass tube through which all the feedstock 
flows from the inlet to the outlet of the first stage 
preheater, and more preferably through the whole of the 
convection zone. Preferably, the first stage preheater 
is comprised of one single pass bank of tubes disposed in 
the convection zone of the pyrolysis furnace. In this 
preferred embodiment, the convection zone comprises a 
single pass tube having two or more banks through which 
the crude oil and/or long residue feedstock flows. 
Within each bank, the tubes may arranged in a coil or 
serpentine type arrangement within one row, and each bank 
may have several rows of tubes. 

To further minimize coking in the tubes of the first 
stage preheater and in tubes further downstream and 
within the vapour-liquid separator, the linear velocity 
of the crude oil and/or long residue feedstock flow is 
preferably selected to reduce the residence time of 
coking fraction vapourized gases in the tubes. An 
appropriate linear velocity will also promote formation 
of a thin uniform wetted tube surface. While higher 
linear velocities of crude oil and/or long residue 
feedstock through the tubes of the first stage preheater 
reduce the rate of coking, there is an optimum range of 
linear velocity for a particular feedstock beyond which 
the beneficial rates of coke reduction begin to diminish 
in view of the extra energy requirements needed to pump 
the feedstock and the sizing requirements of the tubes to 
accommodate a higher than optimum velocity range. In 
general, crude oil and/or long residue linear velocity 
through the tubes of the first stage preheater in a 
convection section ranging from 1.1-2.2 m/s, more 
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1-9 2.1 „/3, provide optical reault^ in terMa of reducina 
the eoUng phenomenal balance against the oost o« thT ' 
tubes .„ ^^^^^^ re,uire«nt3. 

eed3to=k at a linear velocity within the range of 
1.1-2.2 m/a ia through any conventional pumping 
^echaniam. r„ a preferred embodiment of the invention 
the linear velocity of the crude oil and/or long realdl 
..edatoc. ia enhanced by injecting a small amount o 
U,u.d water into the crude feed prior to entry witLn 

the first stage preheater. Sa the liquid water 
vapourizes in the crude oil and/or long residue 

increa °' ^^^^ "^"'^ t"^- 

mere 3,3. TO achieve this effect, only amall guantities 
of water are needed, such aa 1 mole% water or l!.„ k ! 
on the moles of the feedatoc. through the firs a e^ 
preheater tubes. stage 

in many co™,ercial olefina pyrolyaia furnaces, the 
radiant section tubes accumulate sufficient coke very 
3- wee.3 to Justify a decoUng operation on those tubes 
The process of the invention provides for the preheating 
nd craving of a crude oil a„d/or long residue eeda tol 

furnace for decoUng operations any more often than the 
furnace would otherwise have to be ahutdown in order to 
conduct the decoung treatment in the radiant section 
ubea. By the process of the invention, the convectL 
ect on run period ia at least as long as the radia 
section run period. 

in another embodiment of the invention, the 
convection section tubes are decoked on a regular 
scheduled basis ai- ^= ^eguiar 
event mor. > ^"^"--V - required, and in no 

event more frequent than the frequency of radiant section 
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decoking. Preferably, the convection section is decoked 
at a frequency at least 5 times longer, more preferably 
from at least 6 to 9 times longer than the radiant 
section decoking schedule. Decoking of a tube may be 



In yet another embodiment of the invention, a flow of 
superheated steam is added to the first stage preheater 
tubes and/or between the exit point from the first stage 
preheater convection section and the vapour-liquid 



embodiment where a flow of superheated steam enters the 
convection zone, preferably between the first and second 
stage preheaters, thereby superheating the flow of steam 
to a temperature within a range of about 450 °C-600 °C. 
As shown in Fig. 5 and Fig. 6, the source of superheated 
steam may be split by a splitter to feed a flow of 
superheated steam to the vapour-liquid separator 6 and a 
flow of superheated steam to a mix nozzle 5 located 
between the exit of the first stage preheater comprising 
the tube banks 2, 3, and 4 and the vapour-liquid 
separator 6. 

In yet a further embodiment of the invention, the 
feedstock may optionally be split by a splitter la as 
shown in Fig. 6, between heat exchangers 2 and 3, or 
between any other heat exchangers in the first preheater 
section of the convection section of the furnace. Such a 
splitter may be desirable when the feedstock contains a 
high weight percentage of pitch and is heated to a high 
temperature within the heat exchanger 1 in order to 
control its flowability, thereby obviating the need to 
process all of the feedstock through the first heat 
exchanger in the first preheater section of the 
convection zone. 

The following prophetic example illustrates one of 
the embodiments of the invention and is not intended to 



5 



conducted with a flow of steam and air. 



10 



separator via a mix nozzle. Thus, there is provided an 
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Itait the scope Of the invention. This ex^ple is 
ae.ivea fxo. the .odeiin, p,,,„„ 3,„„,,,^^ 
ProV.s.on version 5.1. Reference is .ade to Figure 5 to 
illustrate this e^o.i„e„t. l„ each case, the vapour- 
liquxd ^«ure exiting the convection .one is at a 
temperature which exceeds 375 'c. Under the 
pressure/ten^erature conditions described in the 
-angles, lighter feeds such as heavy natural gas llguid 
would vapourize erasing fractions, causing the 
convection section to coke up at a „uch faster rate than 
the cokrng rate in a furnace processing the feedstocks 
under the conditions described below. 
Prophetic Examp lg^ i 

A crude oil feed, having the properties listed below 
IS used as the feedstock: 



API Gr. 


37.08 




ASTM D-2887 TBP ~ 


Wt.% 


Deg. c 


1% 


24 


10% 


111 


20% 


170 


30% 


225 


40% 


269 


50% 


' 309 


60% 


368 


70% 


420 


80% 


477 


90% 


574 


97% 


696 



37.06, and an average molecular weight of 211. 5, is fed 
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at a temperature of 27 ^'C and a rate of 38,500 kg/hr to 
an external heat exchanger 1 to warm the crude oil to a 
temperature of 83 **C at a pressure of 15 bar prior to 
entry into the first bank of convection section heater 
5 tubes 2. The heated crude oil feedstock, still being all 

liquid at this point, is routed through the single pass 
first bank of tubes 2 having eight rows of tubes, each 
row spatially arranged in a serpentine fashion, and there 
is heated to a temperature of 324 "^C and exits at a 

10 pressure of 11 bar. At this stage the liquid weight 

fraction is 0.845, and the liquid is flowing at a rate of 
32,500 kg/hr. The density of the liquid is 612 kg/m^ and 
its average molecular weight is 247.4. The vapour phase 
flows at a rate of 5950 kg/hr and has an average 

15 molecular weight of 117.9 and a density of 31 kg/m^. 

The vapour-liquid mixture exits the first bank of 
tubes 2 and is fed to a second bank of tubes 3 identical 
to the first bank, where the vapour-liquid mixture is 
further heated to a temperature of 370 °C and exits at a 

20 pressure of 9 bar. The liquid weight fraction exiting 

this second bank of tubes is 0.608. The liquid now has a 
density of 619 kg/m^ and has an average molecular weight 
of 312.7, and flows at a rate of 23,400 kg/hr. The 
vapour phase flows at a rate of 15,100 kg/hr and has an 

25 average molecular weight of 141.0 and a density of 

27.4 kg/m^. 

The vapour-liquid mixture is subsequently fed to a 
third bank of tubes 4 identical to the first and second 
bank of tubes, wherein the vapour-liquid mixture is 
30 further heated to a temperature of 388 and exits the 

third bank and the convection zone at that temperature ' 
and at a pressure of about 7 bar. At the third bank of 
tubes 4, a flow of 1359 kg/hr of dilution steam, 
stream 3.5, is fed to the third bank of tubes 4 at 10 bar 
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^nd at 182 Th^ i - 

C. The liquid weight fraction exitina f-u 
third bank of tubes 4 i . . exiting the 

has a density of 667 kg/™3 ,i„„, ^ 

1 .^00 .g/... ™e vapour p.ase flows at a rate of 

.,..r, .a. an a.„a. .o.e^ar w.^.t oflout 

and a density of 14.5 kg/in3 

tubel'I IH"-"^"" 'he third ba„. of 

tubes 4 xn the convection section of the ethvle„, „ 
and flo„3 to the Ml. „o.le s. . fio„ 5a oT o , "'^^ 
IV, 600 kg/hr of stea„ superheated to 53< at . 

rit'inTtr "^^"'-^ ^^"^ 

" ' the convection .one through the Ml. Nozzle 5 
The resulting vapour-liguid mixture flows to a 
vapour-Iiguid separator 6 at a rate of 57,500 .g/hr at a 
temperature of «, -c, and at 6 bar. The averag 
molecular weight of the liguld phase now has further 
increased to 696.0. The liguld weight fraction 1 
0.070 due to the addln,,„ , "action is now 

° tne addition of superheated steam 
The vapour-liguld .fixture is separated in the 
vapour-liguid separator 6. The separated iiguids exit 
through the bott™ of the separator. The separa ed 
vapour 7 exits the vapour-ll,„id separator a t top or 

temperature of about 427 -c and a pressure of 6 bar The 
average molecular weight of the vapour stream is 
about 43.5, and It has a density of 4 o t„,„3 
bott tr..„ J- stletoTl ""^^ 

..oard d as pitch and may be treated accordingly. The 
"te Of pitch flow is about 4,025 .g/hr, and exits at a 
emperature of about 427 'c at 6 bar. This Ugui: Tj^ 
ensity of 750 .g,m3 and an average molecular weight of 
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The vapour stream 7 is combined with steam 8a heated 
in a bank of tubes 8. The steam through line 8a flows at 
a rate of about 1360 kg/hr and is superheated to a 
temperature of 593 ^'C at a pressure of 9 bar. It flows 
through a Mix Nozzle 9 where it is combined with vapour 
stream 7 to produce a vapour stream 9a flowing at a rate 
of 54,800 kg/hr at a temperature of 430 ''C and a pressure 
of about 6 bar to the convection zone second stage 
preheater 9b, where it is further heated and passed to a 
radiant zone, not shown. The average molecular weight of 
the vapour stream 9a is 42.0 and its density is 
4 . 6 kg/m^ . 

The vapour stream subsequently flows back to the 
convection zone and into the radiant zone of the ethylene 



Prophetic Example 2 

A long residue stream derived from crude oil which 
originates as the bottoms stream of an atmospheric crude 
distillation column and has the properties listed below. 



15 



furnace to crack the vapour. 



20 



is used as the feedstock: 



27 



wo 01/66672 



PCT/EPOl/02628 



API Gr. 


25.85 




ASTM D-2887 TBP 


wt,% 


Deg. c 


0% 


220 


10% 


356 


20% 


391 


30% 


414 


40% 


432 


50% 


447 


60% 


467 


70% 


492 


80% 


536 


90% 


612 


98% 


770 j 



Of 25 11 7 " « gravity 

Of 25 S5 „d an average ^oleco.a. „ei,ht of ,22./a„C U 
fed at a te^.„tu« of 38 -c and a rat. of 43.000 

reaxdua to a ta.pa.ature of 169 'c at a prassu™ „' 
18 bar p„or to entry i„to the first ban. of convection 
ect on eater tubes a. »e Ion. residue feedstoc 

of tubes, each row spatially arranged In a serpentine 
fashion, and there is haat-»rt f« ^ 

"^o « temperature of 347 V 
and exita as a liquid at a pressure of 13 bar. 

The long residue has a density of 710 kg/„3 ,3 

an. Of tubes 3 Identical to the first ban.. „her I is 
further heated to a temperature of 394 -c and exits at a 
pressure of 10 bar , . exics at a 

bar. No vapourization takes place and 
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entire stream exits as a liquid flowing at a rate of 
43,000 kg/hr with density is 670 kg/m^. 

The long residue is subsequently fed to a third bank 
of tubes 4 identical to the first and second bank of 
5 tubes, wherein it is further heated to a temperature of 

410 and exits the third bank and the convection zone 

at that temperature and at a pressure of about 7 bar. At 
the third bank of tubes 4, a flow of 1360 kg/hr of 
dilution steam, stream 3.5, is fed to the third bank of 
10 tubes 4 at 10 bar and at 182 **C. It leaves the third 

bank of tubes 4 as a vapours-liquid mixture having a 
liquid weight fraction of 0.830* The average molecular 
weight of the liquid phase at the exit of the third bank 
of tubes is 4 40.5 and it has a density of 665 kg/m3 
15 flowing at a rate of 36,850 kg/hr. The vapour phase 

flows at a rate of 7540 kg/hr, has an average molecular 
weight of about 80.5 and a density of 9 . 6 kg/m^. 

The vapour-liquid mixture exits the third bank of 
tubes 4 in the convection section of the ethylene furnace 
20 and flows to the Mix Nozzle 5. A flow 5a of about 

17,935 kg/hr of steam superheated to 589 °C at a pressure 
of 9 bar is injected into the vapour-liquid mixture 
exiting the convection zone through the Mix Nozzle 5. 
The resulting vapour-liquid mixture flows to a 
25 vapour-liquid separator 6 at a rate of 62,330 kg/hr, at a 

temperature of 427 °C, and at 6 bar. The average 
molecular weight of the liquid phase now has further 
increased to 599.0. The liquid weight fraction is now 
0.208 due to the addition of superheated steam. 

The vapour-liquid mixture is separated in the vapour- 
liquid separator 6. The separated liquids exit through 
the bottom of the separator. The separated vapour 7 
exits the vapour-liquid separator at the top or through a 
side draw at a rate of 49,400 kg/hr and at a temperature 
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Of about 427 'c and a pleasure of 6 bar. The average 
..olecular weight of the vapour atrea. is about 42.9, and 
" haa a denaity of kg/„3. ^^^^^^ ^^^^^^ 

exxtxng the vapour-liguid separator is regarded as pitch 
and «y be treated accordingly. The rate of pitch fio„ 
is about 13,000 kg/hr, and exits at a temperature of 
about 427 at 6 bar. This Uguid has a density of 
722 kg/m3 and an average molecular weight of 599 

The vapour stream 7 is combined with steam 8, heated 
.n a bank of tubes e. The steam through line 8a flows at 
a rate of about 1360 kg/hr and is superheated to a 
temperature of 5fiQ °r a^- = v. 

^ pressure of 9 bar. It flows 

through a Mix Nozzle 9 where if i« o-. u- . 

« a wnere it is coinbaned with vapour 

stream 7 to produce a vapour stream 9a flowing at a rate 
Of 50,730 kg/hr at a temperature of about 430 °C and a 
pressure of about 6 bar to the convection zone second 
3 age preheater 9b, where it is further heated and passed 
to a radxant zone, not shown. The average molecular 
wexght Of the vapour stream 9a is 41.3 and its density is 
4.5 kg/m3. ^ 

The vapour stream subsequently flows back to the 
convection zone and into the radiant zone of the ethylene 
furnace to crack the vapour. 
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CLAIM S 



1. A process for pyrolyzing a crude oil and/or crude oil 
fractions containing pitch feedstock in an olefins 
pyrolysis furnace comprising feeding the crude oil and/or 
crude oil fractions containing pitch feedstock to a first 
stage preheater provided in a convection zone of the 
furnace, heating the feedstock within the first stage 
preheater to an exit temperature of at least 375 to 
produce a heated gas-liquid mixture, withdrawing the 
heated gas-liquid from the first stage preheater to a 
vapour-liquid separator, separating and removing the gas 
from the liquid in the vapour-liquid separator, and 
feeding the removed gas to a second stage preheater 
provided in the convection zone, further heating the 
temperature of the gas to a temperature above the 
temperature of the gas exiting the vapour-liquid 
separator, introducing the preheated gas into a radiant 
zone of the pyrolysis furnace, and pyrolyzing the gas to 
olefins and associated by-products. 

2. The process of claim 1, wherein 85 wt.% or less of 
the feedstock will vapourize at 350 ^'C, and 90 wt.% or 
less of the crude oil feedstock will vapourize at 400 °C, 
each as measured according to ASTM D-2887. 

3. The process according to claim 1 or 2, wherein the 
feedstock is fed to the first stage preheater at a 
pressure ranging from 11 to 18 bar and at a temperature 
ranging from 140 ""C-SOO ''C. 

4. The process according to any one of claims 1-3, 
wherein the feedstock in the first stage preheater is 
heated to an exit temperature of at least 400 °C. 

5. The process according to any one of claims 1-4, 
wherein the gas-liquid ratio ranges from 60/40 to 98/2. 
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6. The process according to any one of claims 1-5, 
..herein dilution gas is added to the feedstock in the 
first stage preheater. 

7. The process according to any one of claims 1-6, 
wherein superheated steam is combined with the removed 
gas prior to entry into the second stage preheater. 

8. The. process according to any one of claims 1-7, 
wherein the olefins comprise ethylene in an amount 
ranging from 15 to 30 wt.%, based on the weight of the 
vapourized feedstock. 

9. The process according to any one of claims 1-8 
wherein a dilution fluid, which fluid is in a liquid or 
mixed liquid/gas phase, is added in the first stage 
preheater. 
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